The rate constants for the reactions of OH with three pentanols have been determined in the range 267-373 K and P=100 Torr. The data obtained were (in units of cm provides the first temperature dependence data on these reactions. In addition, using the relative rate method, the rate constants for OH and Cl with these pentanols have been measured. The results are compared with the literature data and discussed with respect to atmospheric chemistry.
Introduction
Alcohols are an important class of oxygenated volatile organic compounds; their presence in ambient air is due to both natural and anthropogenic sources [e.g. 1, 2] . They are emitted by grassland and agricultural vegetation and have long been used as industrial solvents as well as motor vehicle fuels and fuel additives. Their oxidation in the atmosphere produces wide variety of carbonyls such as aldehydes and ketones as major reactions products followed by the formation of nitro-containing compounds and other photooxidants which could be more toxic with higher impact on air quality than the initial alcohols [e.g. 2, 3] . Thus, alcohols have a potential to contribute to the adverse effects that are caused by anthropogenic organic air pollutants such as photooxidants formation.
It is well established that the atmospheric oxidation in the gas phase of saturated organic compounds such as those investigated in the present study is mainly controlled by reaction with hydroxyl radicals; reactions with other oxidants such as ozone and nitrate radicals being of minor importance. Sunlight initiated photolysis is also a negligible process for compounds such as saturated alcohols [e.g. 3, 4] . However, chlorine atoms initiated oxidation of organics may play an important role because this later process may exert some influence in the boundary layer, particularly in marine and coastal environments [e.g. 5] and some urban regions [6] . Therefore, in order to quantify the contribution of alcohols to the photooxidants formation in the troposphere, it is of importance to understand the kinetics and mechanisms of their OH-and Cl-initiated oxidation.
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In the present work, we have measured the rate constants for the reactions of OH radicals and Using the pulsed laser photolysis-laser induced fluorescence as absolute technique, the rate constants for the OH reactions have been determined in the temperature range 267-373 K. The measurements have been also conducted using a relative method to investigate the reactivity of both OH and Cl with the three pentanols at room temperature. This work provides the first temperature dependence investigation for the OH reactions with pentanols. Among the reactions investigated here, the reaction of OH with 1-pentanol is the most documented, it has been studied previously by Wallington and Kurylo [7] using flash photolysis-resonance fluorescence technique and by several groups using the relative rate method [8] [9] [10] [11] . Nelson et al. have also reported a study using the pulsed radiolysis-UV absorption method [8] . The other reactions have been investigated previously only once or twice (besides Cl reaction with 1-pentanol which has been studied by three groups) [8, [11] [12] [13] [14] [15] [16] . The kinetic data obtained in this work are compared with the previous studies and discussed in terms of the atmospheric implications.
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Experimental
The pulsed laser photolysis -laser induced fluorescence (PLP-LIF) technique has been used to investigate the temperature dependence of the OH reactions with pentanols at around 100
Torr of helium. The relative rate method was used to measure the rate constants for OH and
Cl reactions with the same pentanols at T = (298 ± 2)K and P=760 Torr of air.
Absolute rate measurements
The PLP-LIF system as well as the methodology used to derive the kinetic parameters has been described in details in previous papers from our group [e. is the first-order OH decay rate in absence of alcohols. k i , the bimolecular rate constant for the reaction of pentanols with OH, is obtained from the slope of the plot k' vs.
[pentanol]. The concentrations of the alcohols were determined from the mass flow rates, temperature and pressure in the cell. The alcohols were premixed with helium (0.13-0.80)% in a 10 liters glass bulb at a total pressure of 800-900 Torr. The gas mixtures containing pentanols, hydrogen peroxide and helium were flowed through the cell with a linear velocity ranging from 5 to 20 cm -1 .
Relative rate measurements
This method was used to measure the rate constants for both Cl and OH reactions with pentanols at 298 ± 2 K and 760 Torr of purified air in a 140 L Teflon bag reaction chamber.
The experimental set-up has been described previously [e.g. 18]. The reaction chamber is surrounded by banks of fluorescent lamps, six of them providing radiation at 254 nm (Philips TUV, 15W) used to produce OH radicals through the photolysis of H 2 O 2 and six other black lamps (Philips, TL 20W/05) with a maximum irradiation at 365 nm used to generate Cl atoms by photolysing Cl 2 . Measured amounts of reactants were expanded into the evacuated vacuum line and isolated into a calibrated mixing bulb, from which they were swept into the reaction chamber by a stream of zero-grade air. The chamber was then filled to its full capacity at atmospheric pressure with ultra-pure air. A gas chromatograph-flame ionization detector (GC- 
Results and discusion

Relative rate measurements
The pentanols and the reference compounds employed were shown to be stable in the dark 
Absolute rate measurement
The rate constants k 1 -k 3 conducted at a total pressure of 100 Torr of helium. The experimental conditions and the results obtained are summarized in Table II . Figure 2 displays examples of the plots of (k'-k 0 ) versus pentanol concentrations from which the rate constants were derived at T=298K. .
Discussion
The rate constants for the reactions of OH with the investigated pentanols at 298 K obtained in this work using both absolute and relative rate methods are in very good agreement, within 10 %. The rate constants obtained in this study are compared with the previously reported As shown in Table III , the rate constants data for the reaction of OH with 1-pentanol from different measurements at T  298 K are in good agreement disregarding the one from Oh and
Andino (2001) where they used p-xylene as the reference compound (30% higher than the other measurements).
The reactions of OH with 2-pentanol and 3-pentanol have been each investigated only twice as shown in Table III 
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The values obtained here for the reactions of Cl atoms with pentanols are also in good agreement with the previously determined ones as shown in Table III . While the reaction of Cl with 1-pentanol has been studied by three other groups, this work provides the second determinations for k(Cl+2-pentanol) and k(Cl+3-pentanol) at room temperature. The only temperature dependence study on these reactions available so far is that performed by Garzón 
Atmospheric implications
Alcohols are removed from the atmosphere mainly through gas phase reactions with OH radicals and Cl atoms. However, it has to be mentioned that in some specific areas such as marine or coastal regions, the concentrations of Cl atoms can be much higher than that used here which will shorter the lifetimes of the alcohols and other organic compounds and make the reaction with Cl the most dominant removal process of these species in these regions. 
